Methods and analysis: A systematic search of published literature will be conducted for observational studies on the prevalence of DM in HF and risk factors of HF in these patients in SSA. Databases including MEDLINE, Google Scholar, SCOPUS and Africa Wide Information will be searched from January 1995 to February 2016. Screening of identified articles and data extraction will be conducted independently by two investigators. Risk of bias and methodological quality of the included studies will be assessed using a Risk of Bias tool and STROBE checklist. Appropriate meta-analytic techniques will be used to pool prevalence estimates from studies with similar features, overall and by major subgroups. Heterogeneity of the estimates across studies will be assessed and quantified and publication bias investigated. This protocol is reported according to Preferred Reporting Items for Systematic reviews and Meta-Analysis protocols (PRISMA-P) 2015 guidelines.
Ethics and dissemination:
The proposed study will utilise published data; as such there is no requirement for ethical approval. The resulting manuscript will be published in a peer-reviewed journal. This review will identify the knowledge gaps as well as inform policymakers in the region on the contemporary burden of DM in patients with HF.
INTRODUCTION Rationale
Sub-Saharan Africa (SSA) continues to face rapid epidemiological transition from communicable diseases to chronic noncommunicable diseases (NCD) owing to the growing burden of risk factors such as highblood pressure, obesity, diabetes mellitus (DM), physical inactivity and unhealthy eating habits. 1 NCDs are the number one cause of death around the world 2 and second leading cause of mortality in SSA accounting for 30% of the 9.5 million deaths in 2011. 3 According to the 2013 Global Burden of Disease Study (GBD), cardiovascular disease (CVD) accounted for 38.3% of NCD deaths in SSA, 4 and recent increases in global deaths due to CVD have been attributed to population growth and ageing. 5 Bloomfield et al, 6 in a recent comprehensive review on aetiologies, epidemiology and clinical characteristics of heart failure in SSA, highlighted that this syndrome was largely due to non-ischaemic causes, the majority being hypertensive heart disease, rheumatic heart disease and the cardiomyopathies. This was similarly observed in THESUS-HF, the first heart failure registry on the continent. 7 It was, however, suggested that, though atherosclerotic heart disease (to which diabetes is a major contributor) was apparently rare, these conclusions were based on only a few studies and hence its contribution cannot be totally ruled out. 6 DM is a major contributor to CVD burden. 8 Recent estimates from the International Diabetes Federation (IDF) suggest that global population of individuals with diabetes will increase from 382 million in 2013 to 592 million in 2035, with the highest relative increase at 109% occurring in SSA where it is estimated that the number of people with diabetes will double from 19.8 million to 41.5 million. 9 Kengne et al 10 recently estimated that diabetes was accounting for 8.6% of total mortality in SSA in 2013. Several studies have shown that the risk of developing CVD is more than twice in patients with diabetes over those without diabetes and about 80% of the mortality in patients with diabetes occurs through CVD. 11 12 Besides atherosclerotic CVDs, cardiac failure is a recognised CVD complication in diabetes, where it is over two times more frequent than in people without diabetes. 12 Via several mechanisms including diabetic cardiomyopathy and coronary heart disease, DM has been shown to play a significant role in the pathogenesis and outcome of heart failure (HF). 13 Besides conventional cardiovascular risk factors leading to the development of HF, individuals with diabetes are more vulnerable via the contributing influence of diabetes-related risk factors including chronic hyperglycaemia, insulin resistance and collagen deposition in the myocardium eventually leading to the so called 'diabetic cardiomyopathy', causing abnormal left ventricular and diastolic function. 14 In an in-depth literature review on HF in people with diabetes, it was suggested that the determinants of heart failure documented in other parts of the world are similar to those in African patients, however, the contribution of diabetic cardiomyopathy was still somewhat discordant. 15 Moreover, several reports have shown DM to be an independent predictor of mortality in HF. 16 17 In spite of these observations, the epidemiology of DM in patients with HF has been less well described. Hence, we propose this protocol for a systematic review and meta-analysis to estimate the current prevalence of diabetes among individuals with HF in SSA as well as the determinants of disease in those patients having diabetes with HF. Results will provide evidence on the current burden of diabetes in this vulnerable population and inform health authorities on major risk factors for which control interventions should be tailored in the region, to curb this burden.
Objectives
We aim to conduct a systematic review and meta-analysis to ascertain the prevalence of DM among patients with HF as well as the determinants of disease in sub-Saharan Africans having diabetes with HF.
Review questions
The proposed review will strive to address the following research questions: French languages and conducted on human subjects will be considered.
Exclusion criteria
A. Studies conducted among populations of African origin but residing outside Africa. B. Studies lacking prevalence rates and risk factors with absence of data to compute them. C. Case series with small sample sizes (sample less than 30 participants). D. Letters to editors, reviews, commentaries, editorials and any publication without primary data. E. Studies in subgroups of participants selected based on the presence of diabetes. F. Duplicate publications from the same study. For studies published in more than one journal/conference, the most recent and comprehensive publication will be used. G. Studies not performed in human participants or published in languages other than English and French.
Source of information
The methods of this systematic review are reported in accordance with the Preferred Reporting Items for Systematic reviews and Meta-Analysis protocols (PRISMA-P) 2015 Guidelines. 22 See table 2 for checklist.
Search strategy for study identification Electronic searches
We will search PubMed MEDLINE, Google Scholar, SCOPUS, ISI Web of Science (Science Citation Index), Africa Wide Information, African Index Medicus (AIM) and AFROLIB databases, from 1 January 1995 to 31 August 2015, for published studies on DM in patients with heart failure in SSA. This search shall be conducted using a predefined comprehensive and sensitive search strategy combining relevant terms with names of countries in SSA, to obtain the maximum possible number of studies. This search will be guided by the African search filter, which has been reported to have good sensitivity (and improved precision) of 74% (1.3-9.4%) and 73% (5-28%) for MEDLINE and EMBASE, respectively.
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This search filter includes names of each African country and shortened terms to capture studies from regions. Countries with official names in a language other than English will also be entered in the official form, and for countries that have changed names over time, both names shall be included in the search. Table 3 depicts the main search strategy to be employed.
Reference lists
We will search reference lists of relevant citations for articles of interest.
Grey literature
We will contact authors, experts in the field, research organisations, conference websites and proceedings, for any relevant material. This shall be carried out via emails. If, after repeated attempts to contact authors via email for relevant information, no response is gotten, the said study shall be excluded.
Study records Data management
All identified search results will be entered into RevMan V.5 software for de-duplication of records. These shall be subsequently uploaded into Eppi-Reviewer, which is an internet-based software program to facilitate collaboration between investigators during the selection of studies to be included in the review. Prior to screening of studies, investigators shall create standardised and pre-tested questions following the inclusion criteria. These questions together with abstracts and full texts of articles will be uploaded into Eppi-Reviewer for eventual piloting of the test questions.
Screening
Two investigators (LNA and AD) will independently select studies that meet inclusion criteria. Citations and abstracts will be screened for relevance, and duplicate citations will be excluded. Titles and abstracts shall then be screened following inclusion criteria stipulated earlier, following which the full texts of potentially eligible articles will be obtained. These full texts will be screened using a standardised and pre-tested form to include eligible studies. Disagreements will be resolved by consensus, with consultation of a third author (APK) when resolution cannot be achieved. Corresponding authors will be contacted in the event that the publication (1) is The diagnosis of congestive heart failure requires that two major only or one major and two minor criteria be present concurrently. Minor criteria are acceptable only if they are not attributed to another medical condition. IDF, International Diabetes Federation. Selection process 11b State the process that will be used for selecting studies (eg, two independent reviewers) through each phase of the review (ie, screening, eligibility and inclusion in meta-analysis)
Done (page 7)
Data collection process 11c Describe planned method of extracting data from reports (eg, piloting forms, carried out independently, in duplicate), any process for obtaining and confirming data from investigators Done (page 7)
Data items 12 List and define all variables for which data will be sought (eg, PICO items, funding sources), any pre-planned data assumptions and simplifications
Done (page 8)
Outcomes and prioritisation
13
List and define all outcomes for which data will be sought, including prioritisation of main and additional outcomes, with rationale -
Risk of bias in individual studies 14
Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be carried out at the outcome or study level, or both; state how this information will be used in data synthesis
Done (page 8)
Continued unclear and may be subject to multiple interpretations, or (2) has collected data but did not report data that are relevant to our study analysis. For studies that are excluded, the reasons shall be documented. A flow chart will be used to demonstrate the entire review process.
Data extraction
Two investigators (LNA and AD) will independently extract data from included studies, using a standardised and pre-tested data extraction form. Any inconsistencies or disagreement shall be resolved by consensus or consultation with the third investigator (APK).
Data items
Data will include the geographic region and country where study was conducted, the year study was carried out and year of publication, the language of publication, demographic characteristics of participants (mean age, sex proportions), study design, setting (rural or urban, health-facility or community-based), sample size, number and proportion with diabetes, known duration of diabetes, diagnostic criteria for diabetes and HF, respectively, cardiovascular as well as diabetes-specific risk factors of patients and measures of association (χ 2 , ORs, risk ratios, p values and CIs) will be recorded.
Assessment of methodological quality and risk of bias
Two reviewers (LNA and AD) will independently score the quality of included studies. The STROBE checklist 24 will be used to evaluate reporting methodology in each paper while risk of bias in individual studies will be assessed using the Risk of Bias Tool for Prevalence (table 4) and the Cochrane guidelines available in Review Manager V.5.3 (http://tech.cochrane.org/revman). Discrepancies will be resolved by consensus or by consulting the third investigator (APK). Inter-rater agreement on screening, data abstraction and methodological quality will be assessed using Cohen's κ coefficient. 26 We intend to present risk of bias and quality scores in a table.
Data synthesis, analysis and assessment of heterogeneity Data will be synthesised to answer both research questions. Prevalence data will be summarised by country and geographic regions. In a situation where a population is reported at both regional level and with national estimates, we shall consider the most comprehensive and updated national estimates. Any other material will be excluded or considered as duplicate. A meta-analysis will be performed for the prevalence across studies with similar characteristic. Further to this purpose, the studyspecific estimates will be pooled through a random-effects meta-analysis model, to obtain the overall summary estimate of the prevalence across studies, after stabilising the variance of individual studies with the use of Freeman-Tukey double arc-sine transformation. 27 Such a transformation is required to reduce the effect of extremely high or extremely low prevalence rates on the pooled estimate. Heterogeneity will be evaluated by the χ 2 test on Cochrane's Q statistic, which is quantified by I 2 values, 28 assuming that I 2 values of 25%, 50% and 75% represent low, medium and high heterogeneity, respectively. Funnel plots supplemented by the Egger test 29 of bias will be used to investigate the publication bias. When statistical data pooling does not yield meaningful results, such as in the presence of considerable clinical heterogeneity, we will conduct a narrative synthesis. Meta-analysis will be conducted overall, that is, across all possible eligible studies. However, we will also conduct subgroup analysis to compare the estimate across major predictive characteristics and assess the consistency of the effects across those subgroups. Major grouping characteristics will include gender (gender-specific analysis where possible; and below vs at or above the median proportion of men across study), age (below vs at or above the median), geographic region, time the study was conducted/published (below vs at or above the median); diagnosed duration of diabetes (below vs at or above the median), diagnostic methods; study design, etc. For determinants of HF, in anticipation of the large variability in their investigation and reporting across studies, only a narrative synthesis of the evidence will be conducted. We will report the total number of determinants investigated across all studies, and for each determinant, the number of times it was reported to be associated with the outcome. We will further report on the range of measure association used for each determinant across studies, with indication of whether those measures were adjusted for confounders or not. The data will be analysed using the statistical software R (V.3.0.3 (2014-03-04) , The R Foundation for statistical computing, Vienna, Austria).
Sensitivity analysis
We will perform subgroup analysis where substantial heterogeneity will be detected to identify possible sources with the following grouping variables; age group, gender, study setting (rural vs urban, health-facility vs communitybased), geographical region (central, west, east and southern Africa) and study quality. Any subgroup differences identified will be described, and our findings will be interpreted in the light of these differences.
Confidence in cumulative evidence
We intend to assess the strength of evidence provided by studies included in the review, using the Grading of recommendations Assessment, Development and Evaluation (GRADE) approach. This assessment of the quality of evidence would include risk of bias, consistency and publication bias. Studies in which further research is, respectively, unlikely to change effect estimates, or likely to have a considerable impact on effect estimates, or capable of changing the effect estimates, or those in which there is uncertainty in effect estimates, will be described as 'high', 'moderate', 'low' or 'very low' qualities.
Reporting of this review
The proposed systematic review will be reported following the PRISMA guidelines. 30 We intend to publish a PRISMA checklist alongside the final report.
Potential amendments
We do not intend to make any amendments to the protocol, to avoid the possibility of outcome reporting bias. However, any amendments that do prove necessary will be documented and reported transparently.
Conclusion
Cardiovascular disease continues to be a daunting problem in SSA and is projected to worsen in the coming decades if no action is taken. DM is a major contributor to the CVD burden and studies among Caucasians suggest it is an independent predictor of mortality in HF (the final endpoint for most CVDs). The epidemiology and burden of diabetes in this group of patients with HF has been less well documented in Africa. We intend to describe the current prevalence of DM among patients with HF and the determinants of HF among patients with diabetes in SSA. Determining this current burden will be important for clinicians providing care to this vulnerable group of patients. If diabetes is found to be as common among patients with heart failure in SSA as those elsewhere, clinicians in this setting would have to be alert when managing these patients and, more especially, aggressively control identified modifiable risk factors. This would reduce the morbidity and mortality associated with CVD, as well as the economic burden in an already financiallyconstrained setting plagued with communicable diseases as well. Possible limitations of this study would include a predominance of poor quality studies and significant heterogeneity of studies precluding further analysis. In addition, a predominance of cross-sectional studies would make it difficult to obtain or determine risk factors for diabetes. Finally, including only studies published in the English or French languages, we may lose relevant data from studies published in other languages. This review will, however, identify gaps in the current literature on this topic and provide direction for future research in people with diabetes and cardiomyopathy.
Ethics and dissemination
The current study is based on published data, and hence does not require ethical approval. The final report of this review in the form of a scientific paper will be published in a peer-reviewed journal. Findings will also be presented at conferences and submitted to relevant health and policy authorities. We also plan to update the review in the future to monitor any progressive changes on the subject. Contributors AD and LNA conceived and designed the protocol. LNA was responsible for manuscript drafting. APK and AD took part in critical revision for methodological and intellectual content. LNA is the guarantor of this review. All the authors read and approved the final version of the manuscript.
